Calcineurin AF (Cn-AF)-deficient mice develop abnormalities of postnatal kidney development, similar to that of COX-2-deficient mice. The present study was undertaken to examine expression and regulation of Cn isoforms in the developing kidney during the postnatal period and further characterize the relationship between Cn and COX-2. The protein expressions of all three Cn isoforms, including Cn-AF, -Aß, and -B, as determined by immunoblotting, increased in parallel in the first postnatal week and declined gradually with age. Renal Cn-AF and -Aß mRNA expressions were both developmentally regulated in the same fashion as their protein expressions while renal Cn-B1 mRNA was not obviously induced in the first postnatal week.
Introduction
Calcineurin (Cn), also called protein phosphatase 2B, is a heterodimeric Ca ++ /camodulindependent serine/threnine protein phosphatase composed of two subunits, the catalytic subunit calcineurin A (59-62 kDa) and the regulatory subunit calcineurin B (19 kDa) (23) . Cn-A exists in three distinct forms, F, M, and N isoforms (Cn-AF, Cn-AM, and Cn-AN); calcineurin B exists in two forms, Cn-B 1 and Cn-B 2 . Cn-AN expression is restricted to testis and brain, and Cn-B 2 is testis specific, while the other isoforms of Cn are quite ubiquitously expressed in a wide variety of tissues (23) . Cn is a key component of the calcium initiated signal transduction pathway involved in a wide spectrum of cellular function. The importance of this pathway in the kidney is highlighted by the well recognized adverse renal effect associated with Cn inhibitors cyclosporine A (CsA) and FK506 (7, 18, 32, 33) . Phenotypic analysis of mice with systemic deletion of Cn-AF and -Aß reveals distinct function of the two A-isoforms in the kidney; Cn-Aß KO mice have virtually normal renal phenotype while Cn-AF KO mice develop abnormalities of postnatal kidney development and chronic renal failure (12). Systemic deletion of Cn-B produces a lethal phenotype and conditional deletion of this Cn isoform in the urogenital tract induces defective pyeloureteral peristalsis and obstructive nephropathy that ultimately led to renal failure (4) . Compared to the detailed information about the role of Cn isoforms in the development of the kidney, the expression and regulation of the individual Cn isoforms in the developing kidney is poorly characterized.
Systemic deletion of COX-2 gene by homologous recombination is consistently associated with abnormal postnatal kidney development, characterized by dysplasia of nephrogenic zone that contains increasing numbers of immature glomeruli and atrophied renal tubules (19) 
(20).
The phenomenon was later recapitulated by pharmacological administration of pregnant rats Page 3 of 24 with the COX-2 inhibitor SC-58236 (14) , which led to renal histological abnormalities at the postnatal but not prenatal period. In support of the role of COX-2 in postnatal nephrogenesis, renal COX-2 expression is developmentally regulated with a transient induction around postnatal day 7 that declines rapidly with age and reaches the lowest level in adults (16, 21, 28, 31) . This raises an important question as to what factors control the physiological regulation of renal COX-2 expression during the postnatal period.
Prompted by the above observations, the present study was undertaken to characterize expression patterns of Cn isoforms in the developing kidney during the postnatal period and to further characterize the relationship between Cn and COX-2. We provide evidence that all three Cn isoforms tested are subject to normal developmental regulation with a peak induction in the first postnatal week. Among them, Cn-AF and -Aß colocalize with COX-2 to the cortical thick ascending limb of Henle's loop and macula densa while Cn-B is mostly restricted to the thin limb of the loop. We further demonstrate that the postnatal induction of renal COX-2 expression is under the control of Cn.
Methods
Animals. Three mouse lines lacking Cn-AF, Cn-AM, and COX-2 were originally generated by 10 generations (29) . Genomic DNA was isolated from a short piece of tail taken at the time of weaning and genotyping of COX-2 -/-, Cn-AF -/-and Cn-AM -/-mice was performed as previously described (2, 29, 30) . Female Sprague-Dawley rats with litters were from Harlan Laboratories.
All animal procedures were approved by the University Utah Institutional Animal Care and Use
Committee.
Procedures for drug treatments of young rats. Starting from postnatal day 1 (PND1), the rat pups received daily subcutaneous injections of vehicle (saline) or the Cn inhibitor cyclosporine at 2.5 mg/kg/d (Bedford LabsTM, Bedford, OH) till PND10. During the 10-day treatment period, the female rats were paced on standard rat chow and had free access to tap water. At the end of experiments, under general anesthesia, kidneys were harvested and processed for real time RT-PCR, immunoblotting and immunohistochemistry.
Morphological studies. Kidneys were hemi-sectioned and fixed by direct immersion in 3% paraformaldehyde for 16 hours. Following embedding in paraffin, 5 Qm sections were prepared and stained with hematoxylin and eosin and analyzed with light microscope.
Immunoblotting.
The lysates of the kidney were stored at -80°C until assayed. Protein concentrations were determined using Coomassie reagent. An equal amount of the whole tissue protein (60 µg) was denatured at 100 for 10 min, separated by SDS-PAGE, and transferred onto nitrocellulose membranes. The blots were blocked overnight with 5% nonfat dry milk in Trisbuffered saline (TBS), followed by incubation for 1 h with rabbit polyclonal antibodies against Cn-AF,Cn-AM, Cn-B (1:500 dilution for all Cn antibodies) (Santa Cruz), or monoclonal antibody against ß-actin (1:1000 dilution) (Sigma). The blots were washed with TBS followed by incubation with goat anti-rabbit HRP-conjugated secondary antibody for Cn isoforms or goat antimurine HRP-conjugated secondary antibody for ß-actin. Immune complexes were detected real time RT-PCR data from Sprague-Dawley rats at various ages was performed using one way ANOVA followed by a Bonferroni posttest. Analysis of differences between two groups (KO vs. wild type) was performed using unpaired t-test. P value <0.05 was considered significant. Fig. 1 shows protein expressions of Cn-AF, -Aß, and -B in the kidney of Sprague-Dawley rats from newborn through PND28, as determined by immunoblotting, and ß-actin was used a loading control. Cn-AF and -Aß were both detected as ~60 kDa bands, and Cn-B as ~20 kDa bands. Overall, renal protein expressions of the three Cn isoform exhibited a similar pattern of developmental regulation; all isoforms were detectable at newborn, peaked at PND7, and declined gradually with age. However, the magnitude of induction at PND7 appeared different among the three isoforms with ~5-fold induction for Cn-AF (n=3, P<0.01), ~2-fold for Cn-Aß (n=3, P<0.05), and ~3.5-fold induction for Cn-B (n=3, P<0.01).
Results

1). Regulation of renal Cn isoforms during the postnatal period
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Renal mRNA expressions of Cn-AF, -Aß, and -B in the kidney of Sprague-Dawley rats from newborn through PND28 were quantified by real time RT-PCR and normalized by GAPDH.
Consistent with the protein expression pattern, renal Cn-AF and -Aß mRNA expressions were both developmentally regulated with a peak induction in the first postnatal week, followed by a gradual reduction with age ( Fig. 2A and B) . In contrast, the induction of Cn-B1 mRNA in the first postnatal week was not obvious (Fig. 2C) . The fold induction of mRNA expression in the first postnatal week (PND7 vs. PND1) was 2.0-fold for Cn-AF (n=6 in each group, P<0.05), 2.7-fold for Cn-Aß (n=6 in each group, P<0.05), and 1.6-fold for Cn-B1 (n=6 in each group, P>0.05).
Immunohistochemistry was performed to determine cellular localization of Cn-AF, -Aß, and -B in comparison with COX-2 in the kidney of 20-day-old rats. This age was chosen due to the requirement of animal size for performance of perfusion fixation of the kidney. As expected, COX-2-immunoreactivity (COX-2-ir) was detected in the cortical thick ascending limb (cTAL) as well as macula densa (Fig. 3C) . Strikingly, Cn-AF-ir and Cn-Aß-ir were colocalized with COX-2-ir to the same epithelial cells (Fig. 3A and B) . However, Cn-B-ir exhibited a distinct pattern with restricted activity in the thin limb of Henle's loop in the renal medulla (Fig. 3 D through F) .
2). Effects of Cn inhibition on COX-2 expression in the developing kidney.
To determine whether COX-2 expression in the developing kidney was under the control vehicle group contrasting the almost complete disappearance of the labeling in the CsA group (Fig. 4B) . To minimize the confounding influence from the chronic CsA treatment, the effect of a single dose of CsA on COX-2 expression was examined. As shown in Fig. 4A (right) , the single
CsA treatment also exhibited a significant inhibitory effect on COX-2 expression, suggesting a primary rather than a secondary effect of CsA.
As previously described (12), Cn-A -/-mice had reduced survival and were infertile and a majority of the Cn-A -/-mice died around the weaning period and only approximately 10-15% of them lived till adulthood. Densitometric data were generated from one representative of 2-3 separate experiments. N = 3 in each group. PND, postnatal day. *, P < 0.01 vs. PND1; #, P < 0.05 vs. PND1. CnAα -/-, PND7 CnAα +/+, PND7 CnAβ -/-, PND28 CnAβ +/+, PND28
